Background/Aims: We investigated the relationship between ocular dominance and accommodation on the pupils of the dominant eye and the non-dominant eye under binocular open viewing conditions. Methods: Seventeen healthy young volunteers participated in this study. The dominant eye was determined using the hole-in-the-card test. The objective refraction and pupil diameter were measured under binocular open viewing and monocular single viewing conditions using a binocular open auto-refractor, the WAM-5500 (SHIGIYA MACHINERY WORKS LTD., Hiroshima, Japan). The accommodative response was calculated using the objective refraction, and the rate of miosis was calculated using the pupil diameter. These values were then compared between the dominant and the non-dominant eyes. Results: Under binocular open viewing conditions, the accommodative response in the dominant eye was greater than in the non-dominant eye (p = 0.001). In contrast, under monocular single viewing conditions, there were no differences in the accommodative response between the dominant and non-dominant eyes. In both binocular open viewing and monocular single viewing conditions, there were no differences in the miosis ratio between the dominant and non-dominant eyes. Conclusion: These results suggest that the accommodative response under binocular open viewing conditions is influenced by ocular dominance.
this feature is an important aspect of binocular vision. Usually, the dominant eye plays a controlling role in binocular vision. Ocular dominance can be broadly divided into three aspects: sighting, sensory, and motor ocular dominance [1] [2] [3] . Sighting dominance refers to the preferential use of one eye in different forms of visual alignment and for performing monocular activities, such as looking through a microscope or key hole [4] . Sensory dominance, which is also called interocular imbalance, cannot be equated with motor eye dominance [5] .
A similar mechanism has been suggested to occur between binocular rivalry and strabismic suppression. Motor dominance is observed in the asymmetry of the vergence movements [6] [7] . During near reflexes, namely accommodation, miosis, and convergence, eye movements occur at the same time. Accommodation is one of the most basic visual functions. Accommodation occurs when the eye alters the fixation point from one point in space to another point that exists at a different distance from the retina. Past studies have measured the accommodation response under monocular single viewing conditions. In addition, it is widely accepted that the accommodation responses are equal in both eyes [8] .
However, there are fewer studies on the relationship between accommodation, miosis, and ocular dominance under binocular viewing conditions.
In the present study, we investigated the effect of ocular dominance on accommodation and miosis under binocular viewing conditions.
Materials and Methods
We examined 17 healthy subjects (4 men and 13 women; mean age: 21.2 ± 1.0 (mean ± standard deviation) years) and have publicly invited subjects by poster posting at School of Allied Health Sciences, Kitasato University in 2012. The mean subjective refractive error (spherical equivalent value, SE) of the dominant eye was −0.83 ± 1.62 D, and the SE of the non-dominant eye was −0.83 ± 1.73 D.
There were no differences between the SE of the dominant eye and the non-dominant eye (p = 0.888, Wilcoxon signed-rank test). All subjects underwent ophthalmology examination. Subjects were excluded from the study if they had any of following: history of ocular surgery, history of strabismus or amblyopia; and presence of any pupil disorders, ocular motility disorders or any binocular vision, or accommodative abnormalities.
The subjects wore soft contact lenses to achieve a distant visual acuity of 20/20 or better in both eyes. The hole-in-the-card test, in which the subject is given a piece of cardboard with a central circular hole 3 cm in diameter, was used to determine ocular dominance. This test was repeated at least three times to confirm The study protocol was approved by our Institutional Ethics Committee. This study followed the tenets of the Declaration of Helsinki for research involving human subjects, and informed consent was obtained from all participants.
Statistical Analysis
Statistical analysis was performed using IBM SPSS statistics software (version 23.0; IBM Corporation, Armonk, NY). The two-way repeated measure ANOVA test was used to compare the accommodative response and the miosis ratio between the dominant and non-dominant eyes. Dunnett's test was used to compare the objective refraction (SE) and the pupil diameter at 5 m and each target distance. The level of statistical significance was set at a p-value of less than 0.05. 
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Discussion
This study demonstrates that the accommodation response of the dominant eye was significantly greater than the accommodation response of the nondominant eye under binocular open viewing conditions in response to all accommodation stimuli. In contrast, under monocular single viewing conditions, there were no significant differences in the accommodation responses between the dominant and non-dominant eyes. This suggests that the accommodative response is influenced by ocular dominance only under binocular open viewing conditions. A study by Ibi found a lower accommodative lag in the dominant eye in normal subjects. The authors attributed this finding to a potential myopic shift following the change in fixation from far to near in the dominant eye compared to the non-dominant eye [9] . Momeni et al. reported that the accommodative amplitude and facility were statistically better in the dominant eye than in the non-dominant eye [10] . In contrast to past studies that measured accommodation responses under artificial binocular viewing conditions, the present study utilized the WAM-5500 to measure object refraction and pupil diameter. This device does not have an internal fixation target, so subjects can see outside targets under natural binocular open viewing conditions. Davies et al. reported that the refractive error, as measured by the Shin-Nippon NVsion-K 5001 (Japan), (which is the same type of device as the WAM-5500), was found to be similar to subjective refraction, and that an open viewing arrangement facilitates the measurement of static refractive error to various binocular, real-world stimuli. [11] Therefore, this study demonstrates that a lack of an internal fixation target and enclosed viewing arrangement reduced the risk of proximal accommodation and enabled observation of variables under real-world conditions. Ocular dominance exists under binocular vision conditions, so our results reflect how accommodation functions in a natural visual environment.
In general, ocular dominance reflects functional lateralization, or the tendency to prefer visual input from one eye over the other. It may be defined as the facility whereby one eye commonly dominates or leads the other. Ocular dominance is divided into sighting eye dominance, sensory eye dominance and motor eye dominance. Walls defined sighting dominance as a one-eyed expression of an asymmetric but binocular phenomenon [12] . Sighting eye dominance can be determined using the hole-in-the-card test.
Sensory eye dominance refers to the eye that is preferred for a perceptual visual task that is related to the visual neural system. Berner and Berner defined sensory eye dominance as the controlling eye in binocular perception, for example, that which can be determined by binocular rivalry [13] . Handa et al. reported that by using the balance technique based on binocular rivalry, sensory dominance may be quantitatively examined [14] . In the present study, we used the hole-in-the-card test to determine the dominant eye and examined the relationship between sighting eye dominance and the accommodation response through measurements of pupil diameter. Future studies should examine the effect of sensory eye dominance on accommodation and the pupil under binocular open viewing conditions. Accommodation and miosis are two of the near reflexes. These reflexes are associated with movements controlled by the supranuclear nerve. As such, these movements cannot be consciously separated. However, the miosis ratio was not significantly different between the dominant and non-dominant eyes under either binocular open viewing or monocular single viewing conditions.
The pupil regularly oscillates rhythmically under certain conditions. This oscillation is called "hippus" or "pupillary unrest," and it is caused by activity in the sympathetic and parasympathetic nervous systems. The oscillations occur in both eyes at same time, but there is a difference in physical strength among individuals regarding the frequency and amplitude of these oscillations. These oscillations tend to be most vigorous in young people [15] . However, it is difficult to differentiate between pupillary oscillations and miosis with accommodation.
Therefore, in this study, the miosis ratio showed no difference between the do- A limitation of this study was sample size. The subjects of this study were young people, because we measured accommodation reaction. As a result, the subjects were small. In order to improve the statistical detection rate, it is thought that it is necessary to increase the number of subjects.
Conclusion
In conclusion, this study suggests that the accommodative response under binocular open viewing conditions is influenced by ocular dominance.
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